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01 IN TR ODUCTION 1
W e sha re the uncom m o nness o f b eing di￿eren t. J.P .R o c he
1 In tro duc ti on
Rec en t theories o f g ro wth and de v el op m en th a v e sug gested tha t the di s tri bution of i ncom e
p er-cap i ta o f c ou n tri es an d/or regions m a y displa yc o n v e rg e nce cl ubs , i. e. a tendency f or
the s t ea dy sta t es distri bu t ion to cl uster aroun d a sm all n um be r of p oles o f a ttracti o n (see
e. g. B en Da vi d (19 94 ), Quah (1 996 a), or G alor (199 6)). T hi s tendenc ym a y b e induced
b ys e v eral f ac t o rs: the e xistenc eo fs o m e thre s hold l ev el i n th e endo wm en t of stra t eg i c
factors of p ro duction; non-con v e xiti es o r inc reas i ng returns; s i m i lariti es i n pre ferenc es,
tec hno l og i es; g o v ernm e n t p oli cie s , whi c hb e com em ore s i m i lar o v er tim ew i thin certain
gro ups (e. g. EE C o r E as t A si a n co un tries). Whi le there i sa n e cdo tal evi de nce supp o rti ng
the v iew that cl u ste ring is a n i m p o rtan tf e a ture o f w or l d incom e da ta, to th e b e st of
m y kno wl edge, only Durlauf a nd Johnso n (1 995 ) us i ng regression tre e analysi s , Qua h
(19 96 a) and De s doigts (1 99 8) using no npara m etric m etho d s, h a v e attem pted to form al ly
do cum en t whether thi s tendenc y exi ts i n the actual data .
This pap e r prop oses a te c hni que to exam i ne whethe r the distri bu ti on of i nc om e p er-
capita di sp l a ys c on v ergenc ec lubs. T he appro ac hi s g e ne ra l , determ ines th e n um be r of
gro ups and the l o cation of the bre a k p oin ts w he n the appro pri a te o rde ring o f the units
in the cros s se ction i s unkno wn and, at the sam e tim e ,a l lo ws to esti m ate th e para m eters
c ha racte rizi ng the di s tri bution of e ac h gro up in a uni ￿e dm anner. The a pproa c hi s ba sed
on the pre dicti v ed e ns i t y( m a rginal l ik eli ho o d) of th e d ata, c o ndi tiona l on the pa ram e ters,
and has app e al ing fe a ture s for b oth B a y esian and c lass i cal an al ysts .
The s ugg e sted tec hn i que can b e vi ew e d as a na tural ex tension of the s tanda rd testi ng
app roac hu s e d to dete rm ine the n um b er of hete ro geneous gro ups i n a cross secti o n (see
e. g . Goldfel d and Qua ndt test) w he n the n um b er o f gro ups, th e lo c at i o n of the bre ak s
and the orderi ng of uni ts are unkno wn. Ho w e v e r, instead of a ssum i ng that the re gr e ss i on
co e￿c ien ts are the sam e for a l l units b elonging to o ne g roup, as i t is the cas e w i th s wi tc hi ng
regressions o r re gr e ss i o n tre e ana l yses, I a l lo w for a f ur th e rl a y er of hete ro gene it yw i thin
gro ups. This second la y er of heterog e neit y tak e s the fo rm o f an exc ha ngeable p ri or w hi c h
restri cts the co e ￿ci en ts of the units in a g roup to ha v e the sa m e distri b uti o n. Hence , whil e
sta ndard exc ha ngeable appro ac hes assu m e tha t the c oe ￿ cie n ts o f the statistic al m o del o f
al l cros s-secti o nal uni ts ha v e the s am e distributi o n, I restric t the b eha vior of co e ￿ci en ts
withi n a gro up, but I all o w the distributi o n of the c o e￿c ie n ts o f uni ts i n di￿eren t g roups to
di￿er. B ecause e xc hang e ab i li t yo v er the e n tire cross- sec tion im pli es tha t the steady state
distri bu ti on of i nc om e p er-capita is uni m o dal, whil e exc ha ngeabil it y wit hi n grou ps im pl ies
that the steady sta te di st r ibution m a y displa ym ulti ple bas i ns of a ttracti o n, testing f or
the presenc eo fc o n v ergence c lubs c a n b e frui tfull y exam i ned b yc he c ki ng whic h o f these1 IN TR ODUCTION 2
t w o a ssum pti o n si sm ore a ppropriate.
Once th e op ti m al n um b er of gro ups and the lo cation o f th e break p o i n ts in the cros s
secti on ha v e b een e s tabli sh e d, I pro v ide a sim pl ew a y to esti m ate the para m eters of eac h
gro up and to conduct infe rence . The appro ac hI e m pl o yl i es withi nt h e E m piri cal B a y es
traditi o n: I use predi cti v ed e ns i tie st o e st i m ate the pa ram ete rs a nd p o steri or a naly si st o
dra wc on c lusions ab out f un c tions of the co e￿ ci en ts o f the m o del. P os t erior infere nce is
app eali ng b ecause it giv es us a co m pa c tw a y to sum m ari ze b o th sub jec tiv e a nd ob jec-
tiv e uncertain t y a b out ec o nom i cally i n tere st i ng functi o ns of the co e￿c ie n ts of the m ode l
(con v ergence rates, l o ng run m ulti pli ers, steady s tates distributi on , e tc. ).
The m e tho do l og i ca l con tri bution o f this pap e ri sl ink ed to a n um b e ro fa r t i cl es, b o th
in the c las si cal an d the B a y e si an traditi on , t e st ing for the ex istence o f a un k no w n break
poi n ts in tim e seri es, se ee .g. Pl o b erger, et. a l . (198 9), B a i (199 7) and P olasek a nd Re i
(19 97 ) a nd to the Em piri cal B a y e st ra di tion o f c o nstructi ng p o steri or estim a tes of the
co e￿c ien ts o f a m o del b y plugg i ng -in ML t y p e-I I esti m ates of the pa r am e ters of th e pri or
(see Morri s (19 83 ) ,B erger (19 85 ) or Efron (1 99 6)). The ap proac hi sa l so rel at e d to tho se
of F orni and Rei c hl in (199 7), w ho attem p t to e stim ate a re duced n um b e ro fc o m m o n laten t
factors from l a rge dyna m ic cross s e cti o nal data, and of H a nsen (199 7a,b), w ho e xa m ines
esti m ation a nd te st i ng proble m si nt hr e sh old m o del s fo r cros s sec tions , ti m es e ries or sta ti c
pan e ls. The m ost s i gn i ￿can t di￿erence b e t w ee n the a pproa c h o f the pap e r and the o ne o f
the latter autho r, a part fro m the c las si cal vs. B a y e si a n p ersp e ctiv e, is tha t i nH a nsen’s
w ork the thresho l db e t w e en group s i s obs e rv ab l e and exogenou s - s o that the pro bl em
is to obta i nu s e ful e st i m ates of the threshold para m eter - whil eh e re the thre s hold i ndex
is ei ther un k no w n or unobs e rv ab l e a nd could ev en b e endogeno us. Finall y , the testi ng
pro c edure s hares si m il ar itie s with classi￿cation/cluster a naly se s (see e. g. M a rdi a , Ken t
and B ibb y (1 98 0)). Three featu r es d i stinguish th e propos e d appro ac hf ro m e xi st i ng ones:
I use re gr e ss i on m o del sw i th s e riall y correl at e d d ata; I all o w the n um be ro fb r e a k p oin ts
to b e unkno wn; and I assign uni ts to g roups so as to m axi m i ze the predi ctiv e abil it yo f
the m o del.
Ie m pl oy Euro p ean regional i ncom e p er-capita data fro m the NUTS2 data se to f E u -
ros tat a nd OECD nationa l i ncom e p er-capita f ro m the Sum m er a nd He sto n da ta set to
dete rm ine whether the incom e distri bu ti on s ho ws an yt e nd e ncy t ow ar d c lub con v ergence .
Rec en t theorie so fe c o nom i cg r o wth h a v e sug gested tha t the initi a l co ndi tions of i ncom e
p er-cap i ta and of the a v e ra ge h um an c ap i ta l ; the disp ersion of the di s tri bution of i ncom e
and e ducation w i thin units; a nd the geog r a phic a l lo ca ti on m a y dete rm i n e the p o sit ion o f
a unit i n the s te a dy s tate distributi o n and the club i t wil lj oi n. U nfortu natel y ,m ost of this
inform ati on i s not a v ai lable a t re gi o nal l ev el . There fo re a searc hf o rc lubs is conducted
ordering uni ts in the cross secti on ac cording to ￿v ed i ￿ ere n tc rite ria: (i) the ranki ng o f
inc om e p er-c a pit a rel at i v e to Europ e an a v e ra ge prev ail ing i n a pre - sam ple p eri o d, with
po or u ni ts com i n g ￿rst; ( ii) the m agnitude of the a v e ra ge p er-capita inc om er e lativ et ot h e1 IN TR ODUCTION 3
Euro p ean a v erag e i n the sa m pl e, with p o o r un i ts c om ing ￿rst; (iii ) the m a gnitude o f the
a v erag e gro w th rate of incom ei n the sa m ple, w i th p o or uni ts com i ng ￿rst; (i v) the ranki ng
of i ncom ep e r- c ap i ta in the pre-sa m pl ep e rio d, scali ng p er-cap i ta i nco m eb y the na ti o nal
a v erag e; (v) the ra nki ng of i ncom ep e r- c ap i ta in the pre-sa m pl ep e rio d, scali ng p e r- c ap i ta
inc om e of "s outhern" regions (Me diterranean regions a nd Irel a nd) and of "n orthern" re-
gions (the others) b y the ir o wn re sp ec tiv ea v erag e. A t cou n try le v e l, the i ni tial c o ndit ion s
of incom e p er-capita and h um an c ap i ta l a nd thei rw i thin-coun try di s p ersions a re a v ail ab l e
so tha t i ti s p ossible to e xam ine the l ik eli ho o d o f con v ergence cl ubs using the se i nd i cato rs
to o rder the d ata. In a ddi tion, I searc h fo r gro upi ng s along siz e a nd geog raphic al di m e n-
sions : putting G- 3 co un tries ￿rs t an d then the rest, o rde red acc o rdi ng to the si ze o f the
ec o nom i es; putti n g Euro p ean c ou n tries b efore the rest, with Medi terranean c ou n tri es a nd
Ire land pre cedi ng o t he r E urop e a n coun tri es i n th e o rder.
I ￿nd that the ord e ring based on the ranking of the i niti al c o ndi tions o f i nc om e p er-
capita scal ed b y the Euro p ean a v erag e in the pre - sam pl e p eri od i s the o ne whic hm axi m i ze
the predi ctiv ep o w er o f the m o del for b oth da ta s e ts. Wi th that o rde ring, the re is a
natu ral clusteri ng of units i nf o ur gro ups of regiona l incom e p er-c ap i ta and t w o g roups o f
nationa l incom ep e r- c ap i ta . I n b oth cases cl u bs are c ha racte rize db yd i ￿e ren t para m eters
con troll ing the sp e ed o f adjustm en t to the s te a dy state and t he m ean le v e lo fp e r- c ap i ta
steady state i ncom e relativ e to the a v erag e . More pre cisel y , p oor u ni ts con v erge f a ster to
thei rs t ea dy s tate than ric ho n e s and they te n d to cl us te r a round a p o l e of attra c tion w hi c h
is subs tan ti al ly b el o w the a v erag e (s e e also Quah ( 1 99 6b)). The disp ersion of steady s t a tes
aro und e ac h basin of attraction i s signi￿can t s ugg e sting tha t cl us te ring i sm ore pre v al en t
than con v ergence ev en w i thin g roups . I s ho w tha t ev en thoug h g roups ha v ed i ￿e ren t long
run m ob i li t y indi ces, there is s ubstan tial i m m obil it yi n the ranki ng o f units within gro ups,
con￿rm i n g the s trong p ersistenc ei n i nequali t y found b y Canov a a nd Marcet (19 95 ). As a
consequenc eo ft h ep e rsistence o f the initi a l inc om ec h aracteri stics and o f the im m ob i li t y
in ra nk ing , the steady state d i stributi o n of i ncom ep e r- c ap i ta will b ecom e pol ar i zed. Si nce
po or u n i ts are also the on e sw i th lo w ini tial a v erag e h um an ca pi ta l ; wit hd i st ributions o f
inc om e a nd education w hi c h are m ore p olariz ed; a nd a re geogra phic al ly or econo m ical ly
lo cated i n the " South" o f the i ndu stri al iz ed w orld, the re su l ts pro vide a ble a k pic ture o v er
the p o ssibi lit yo f e qualiz ing incom e p er-capita b oth in Euro p e an d i n OECD co un tries
o v er the near future .
The rest of the pa p er is org aniz ed as fo l lo ws. The nex t secti o n describ es the detail so f
the t esting a pproac h to ￿nd gro ups i n the c ro ss secti on al dim e ns i o n o f a panel when the
n um be r of gro ups, th e l o cation of the b re ak poi n ts an d the orderi n g of uni ts is unkno wn.
Sec tion 3 pro v ides a tec hnique to estim a te the para m eters and to c o nduct p osterior i n-
fere nce o n func tions o f the co e￿c ien ts o f th e dynam ic m o del. Sec tion 4 pro vide s the l ink
be t w e en g r owth theory and the pro p os e de cono m etric pro ce d ure ,e m phas i zi ng m e a surab l e
factors wh i c hm a y determ ine cl u b con v e rg e nce. Secti o n 5 exam i nes the exi st e nce o f con -2 THE T ESTIN GP R O C EDURE 4
v ergence c lubs i n E urop ea n re gi o nal and OECD national inc om ep e r- c ap i ta data . Secti on
6c on c ludes.
2 The T es ting Pro c edure
The starting p o i n t o f the ana l ysis is the a -pri o ri b eli ef tha t there m a y b e signi￿can t
hete ro genei tie si n the cros s sec tion of a p anel a nd a n atural cl us te ring o f uni ts arou nd
ce rta i n pol es of a ttracti o n, in the sense tha t the co e ￿ci en ts o f the statisti cal m o del are
m ore si m il ar w i thin e ac h gro up than a c ro ss gro ups. F or exam pl e, if un i ts i and j b elong to
a gro up, the v e ctor of co e￿ ci en ts o f the m od e l fo r the t w o uni ts m a yh a v e the sam em e an
and the sa m e disp e rsion. H o w ev er, i f uni ts i and j do not b el o ng to the sa m e g roup, the
v ector of co e￿c ien ts o f th e t w o uni ts m a yh a v ed i ￿e ren tm eans a nd di ￿ ere n td i s p ersi o ns.
F or the sak eo fg e nerali t y , I a ssum e that the orderi ng of c ro ss s e ctional units w hi c h
natu ral ly g i v e s rise to cluste ring is unk no wn. In pra c tice ,c lusteri ng in i ncom ep e r- c ap i ta
m a yb e l ink ed to g eogra phi cal, econo m ic o r so ci op oli tical f a ctors a nd m o dern gro wt h
theory p ro v ides a restrict ed set o f o rde ring to b e e xa m ine d. Le t N b e the size of the cros s
secti on , T the s i ze of the ti m es e ries, and m =1 ; 2 ;::: N ! the particul a r orderi ng of the
units o f the cross sect ion . It is as sum e d that the re m a yb eq =1 ; 2 ;:: :Q break p oin ts
in the cro ss secti on , Q giv en. Eac h of the re su l ting q + 1 g roups i sc hara c teri zed b ya
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(m ) is the n um b e ro fu n i ts i n gro up p,g i v e n the m -t h





( m )=N . I a ssum e tha t Y
it
is a v e ctor of dim ension s
for eac h unit i, whil e W
t ￿ 1
i sav ec t o ro fe x o genou s v ar i ab l es of di m ension v a￿ecti ng a l l
units o f the c ro ss s e cti o n with a p eri o d lag . In (2), I a ssum e that th e v e c t o ro fc o e ￿ci en ts
for e ac h i is ra ndom a nd tha t the co e ￿ci en t so ft h e n
p
( m ) uni ts b elonging to g roup p ha v e
the s am em e an an d s a m ec o v ariance m atrix. This situation wi ll b e term ed e xc h angeab l e
structure w i thin group . F urtherm ore, I as sum e tha t the e xc h angeab l e struc tu r em a y di￿er
acros s gro ups: the co e￿c ien ts of units b elong i ng to di￿eren t g roups m a y b e dra w n from
distri bu ti on s with di ￿ ere n t para m eters. Equations (1 )-(2) therefore c a ptures i n a sim pl e
w a y the i dea that there m a yb e c lusteri ng o f un i ts withi n gro ups but that group s m a y
drift a part o v e r tim e, i m pl ying heter o geneous dyna m ics i n the cross s e ction. F or the rest




as the h yp e rpa ram e ters of the m od e l.
Mo de l (1)- (2) is s u￿ ci en tl yg e ne ra l to i nc lude sev eral m o dels stud i ed in the panel data
li terature a s sp eci a l cases. F or ex am pl e, a stand ard switc hing re gr e s sion m o del is obtained2 THE T ESTIN GP R O C EDURE 5
b ys e tting ￿
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i
=0 ; 8 i . A ￿xe d e￿ect m o del is ob tai ne db yr e s tri cti ng ￿
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whil e a ra ndom e￿ect m od e l is o btained b y setti ng ￿
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; 0 ; :::;0]. Also,
for future refere nce, I ta k e the alte rn ati v e to (1 )-(2) to b e a m o del with hom og e neou s
dynam ic si n the c ro ss s e cti o n. In this cas e Q = 1 a nd I repl ac e equation ( 2 ) with
￿
i
= ￿ + ￿
i
i =1 ;::: N (3 )
where ￿
i
￿ N (0 ; ￿). In other w ords, i n the a l ternativ e ￿ and ￿ are the sa m e for all i,s o
that th e re is an exc ha ngeable struct ur e ac ro ss a l l units of the cross sec tion. T he lim iti ng
case o f thi s alte rn ati v ei s a p o ole dm o del whi c h can b e obta i ned b y setting ￿
p
i
=0 ; 8 i .
The tas k o f the pa p er i st w of o l d. First, I a m in terested i n pro vidi ng a fram ew or k f or
v erif ying the h yp othesis tha t there are hete ro genei tie si n the cross sec tion i nas i tua ti on
where the n um b er of g roups, the l o cation o f th e breaks (a nd consequen tly the n um be r
n
p
( m ) units in eac h gro up) a nd the p e rm utati on m , whi c h na turall yg i v er i se to the
cl us te ring, a re unkno w n. Once I ha v e esta bl ished the n um b er of g roups, the lo cation o f
the breaks and the ordering of the c ro ss se ction optim al ly , I wil l b e concer ne d, at a sec on d








for e ac h i . Th e s e param ete rs are a ssum e d to b e unkno wn to the in v esti g ato r and are
nee de d to construct p o ste rior esti m ates of the ￿
i
whi c h ca n then b e used fo r infe rence a nd
forecasting.
Le t Y be a ( N ￿ T ￿ s ) ￿ 1v e ctor of the L H Sv ariable si n (1) o rde red to ha v et h e N
cross s e ctions fo r eac h t =1 ;:::T ; s ti m es, X be a ( N ￿ T ￿ s ) ￿ ( N ￿ k)m a tri xo ft h e
regresso rs, k = s ￿ r + v ￿ d +1 , ￿ be a ( N ￿ k ) ￿ 1v ec t o ro fc o e ￿ci en ts o f the m o del ,
U a( N ￿ T ￿ s ) ￿ 1v e ctor of disturbances, ￿
0
a( q +1 )￿k ￿1v ector of m ean s o f ￿ , A
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( m ) ￿ 1v ector o f ones. F or giv en m,w er e wr i te
(1) ￿ (2 ) as:
Y = X￿ + U U ￿ (0; ￿
u
) (4 )
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+ E E ￿ (0; ￿
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where the di m ensi on of ￿
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.I n( 6 )Ih a v ee li m inated (i n te g rated out) the
v ector o f c o e￿c ie n ts ￿ an d ex press e dt he de pe nd e n tv ar i ab l e Y as a l inear com bi na ti on
of the X ’ s a nd of the h y p erparam ete rs ￿
0
with e rro rs whic hh a v ea nh e t ero sc hedas ti c
structure. Si nce q +1 << N ,t h i so p e ra ti on h as e ￿e ctiv el yr e duced the di m ensionalit yo f2 THE T ESTIN GP R O C EDURE 6






are kno wn. Our a pproa c h to gro up
units pro ce eds i ns e v er a l steps.
First, g i v e n an o rder ing of the units o f the c ro ss s e cti o n, I exam i ne h o wm an y group s
there a re us i ng the seque n tial te sting a pproa c h descri be db e lo w. Sec o nd, g i v e n a n orderi ng
of un i ts a nd the optim al n um b er of g roups I a tte m pt to ￿nd the l o cation o f the b re a k p oin ts
b ym axi m i zing the pre di cti v e densi t y( m arg i na l l ik el iho o d ) of the m o del with resp e ct to
the l o cation o f the breaks. Third, I i terate on the ￿ rst t w o steps, v arying the o rde ring o f
units in the cross se ction. I c ho os e a s o pti m al the ordering tha t m axi m i zes the predic tiv e
densit y .
T ob e p r e ci se ,l et L (Y jH
0
) b e the p re dict iv ed e ns i t y of the da ta unde r the ass um p-










i sa( q +1 ) ￿1v ector of ones and ￿
0
a k ￿ 1v ector, a nd ￿
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( m ) ;m ) b e the pre di cti v e densit y for g r ou p p , u nde r the ass um ption tha t
there are q bre ak p o i n ts, with n
p
(m ) observ at ion s in e ac h grou p, fo r o rde ring m an d
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is th e pri o r pro babil it y that, for grou p p , there is a b re ak a t i = h
1









(m). The ￿ rst expre ss i on gi v e s the m axi m i zed v al ue o f the
predi ctiv e densit y with resp e ct to the l o cation of bre a k p oin ts for eac h q; the se co nd, the
m axi m iz ed v al u e of t h e predi cti v e densit y , o nce the lo cation of the break p oin t and the
ordering o f the data are c ho sen optim al ly . The last expre ss i on gi v es t he a v erage predic tiv e
densit y u nde r the a ssum pti o n tha t there a r e q bre ak s . Her e the a v erag e i s calc ul ated o v er
a l l po ss i ble l o cations o f the b re a k p oin ts , usi n g the pri o r proba bi li t y that there i s a break
poi n ti ne a c hl o cati on as w e igh t. I ng e ne ra l , unless there are com pe l li n g reaso ns no t to do




o v er eac h p .
T oe xam ine the h y p othesis that the dynam ic s o f the cross sec tion a re heter o genou s
one can use ei ther a p o steri or o dd s (PO) ra ti o ,aW i lk sl ik eli ho o d ratio (W L) cri teria (see
e. g. Ef ro n (19 96)) o r the m o di￿ed l ik el iho o d ratio (ML) o f H a nsen (19 97a ). I consider
￿rst the n ull h yp o the si s that there are no bre ak po i n ts ag ainst the alternativ e that there
are a t m ost Q breaks a nd then, if the a l ternativ ei s m or e l ik el y , seque n tiall y test a s e ries
of h y p otheses where the n ul li s that ther e are q ￿ 1 bre ak poi n ts and the a l ternativ e tha t2 THE T ESTIN GP R O C EDURE 7
there are q bre ak p o i n ts, q =1 ;:::Q . Giv en a n o rder ing m, th e three statistic s for the
￿rst h yp o thesi s are:
PO ( m ) =
￿
0
















WL ( m ) = ￿ 2 ￿ lo g (
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;m )) (9 )
where ￿
0
i s the pri o r pro babil it y tha t there a re no breaks a nd ￿
q
is t h e prior proba bi li t y
that th e re are q br e ak s. H
0
is preferre dt o H
1
when PO ( m ) > 1; rejec ted when WL ( m )
ex cee d s an as y m pto t ic c o n￿denc el e v e l obta i ned from a ￿
2
(Qk ) rando m v ar i ab l e or ML(m )
ex cee d s the a sym pto ti cc o n￿denc el ev e lf o r the distributi on t a bulated b yH a nsen. The
sta ti stics for the h yp o theses that the re a re q ￿ 1v s. q br e ak si n the c ro ss se ction a re :
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(10 )
WL ( m ;q ￿ 1) = ￿2 ￿ lo g (
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;m )) (12 )
Sim il ar l y , q breaks a re pre ferre d when PO ( m ;q ￿ 1) < 1; t he h yp o the si so fq ￿ 1 bre ak s
reje cted when WL ( m; q ￿ 1) e x cee d s an asym ptotic c o n￿denc e lev el o btained from a ￿
2
(k )
rand om v ariable or wh e nM L( m ,q-1) exce eds the ta bul a ted v alues. W ec an al so test the
n ul lh yp o the si s that the re a re q break p oin ts at partic ular l o cations aga i ns t the a l ternativ e
that there i s a further bre ak po i n ta tap a r t i cular lo cation i using a p o ste rior o dds r at i o
of the f or m :





















( m ) ;m )
(13 )




=0 : 5 (13 ) corresp o nds to the PIC crite ria o f Phil lips a nd
Plob e rg e r( 19 94 ) .
T o p ut the te st i ng pro bl em in an alter n ati v ep e r spe c tiv e, one c an as k wh a t i s the pri or
prob abil it yo ne a c h o f the n ul lh yp o these so n e m ust e n tertain so tha t his/her b el ie fs wil l
not b e o v e rturned b y the data. F or ex am pl e, it m a yb eo fi n te rest to kno wh o wm uc h
con￿dence one s hould ha v e on the h yp othesis tha t the sa m ple is ho m o geneous so that a
o v erall e xc ha ngeable pri or i s su￿c ie n tt o c hara c teriz e the data . This prior pro babil it y ,
whic hIc al l^ ￿ can b e foun d fo r an yo f t he h yp oth e ses cons i dered b y setti ng PO i n( 7 ) -






, resp e ctiv el y .
The testi ng pro cedure I ha v ed e sc rib ed l ea v e s the v alue o f Q unsp e ci￿e d. F oll owi ng
Harti g an (197 5), I sugg est to se lec t Q usi ng the rule of th um b Q< <
q
( N= 2).2 THE T ESTIN GP R O C EDURE 8
T o ￿nd the l o cation o f the break p oin t, giv en that the re a re q br e ak s , I ass i gn







;m ). Sinc e there are m p ossible p erm uta ti o ns of the cross s e ction o v er w hi c h
to sea r c h for cl ustering I ta k e the o pti m al p erm uta ti on rule of uni ts in the c ro ss secti on to






;m ). He nc e, g i v e n Q and q , the crite ria to optim al ly









( m ) ;m ) (14 )
Bai (1 997 ) s ho ws that pro ce eding seq uen ti al ly in te st ing for breaks, i .e. test ￿rst f or
one break a gainst no breaks; then cond i tional on the results o f the ￿rs t te st , t e st f or
the ex istence o f one break in eac h of the t w o subs am pl es a nd so on , p ro duces cons i sten t
esti m ates of the n um b er and the l o cation of the breaks. Ho w e v e r, when the re a re m ulti pl e
gro ups a nd one tests for the presence o f t w o groups only , the e st i m ated break p o i n ti s
consisten t for any of t h e exi st i ng bre ak poi n ts a nd i ts l o cation dep ends on wh i c h of the
breaks i s \s tronger". I f thi s is the c a se Bai sug gests to re ￿ ne the estim a te of the break




,i ti sc o n v e nien t to reesti m ated i
1
o v er [ 1 ;i
2




;N ] .E a c hr e ￿n e d estim a tor of the lo ca ti on o f the break h as then
the sa m e pro p erti es a s the estim a tor o btained i n the c a se the sa m ple has a si ng l e p oin t.
The m a jor stum bli ng b l oc k to the a ppli cation of the pro cedure I h a v e describ ed i s the
dim ensiona l it y o f the m axi m iz at i on problem . Whe n no inform ation i sa v ail ab l eo nt h e
ordering o f the uni ts i n the c ro ss s e cti o n ,i tb e com es im pe ra ti v e to calc ulate the predic tiv e
densit y fo r N! orderi ng . Cl early , when N i sm o derately l a rge, this is an i m p o ssibl et a s k
giv en exi st i ng c om pute rt e c hnology .H o w ev er, thi s is not a binding co nstrain t for m an y
app l ic at i o ns since econom ic theory t y pi call y sug gests to researc her s whic h orderings s hould
b e tried and thi s considerably re du c e the com putationa l c om plex it y of the pro bl em . Note
also that, ev en i n the c as e e cono m ic theory i ss i len t and o ne eng ages in a n unstructured
searc h, the m axi m i zation of (1 4) requi res a con si derab l ys m alle rn um be r o f e v al ua ti on
than N !, sinc em an y orderi ng are e quiv ale n t from the p oin to fv i ew o f the predic tiv e
densit y . Tha t is, o nc e a particul a r g rouping is found, s e ar c hing for gro ups c an be s h wre dly
conducted b yr e a ssigning uni ts across gro ups a round thi sl o cal m axi m a.
An exam pl em a yc l arify the i s sue. Su pp os e N =4 so that w eh a v e a to tal of 24 p os si bl e
ordering to exam i ne. Supp ose w eh a v e sta rte d with the o rde ring 12 34 and found t w o
gro ups: 1 and 2 34 . Then al lp e rm utations of 2 34 wi th unit 1 co m ing a head, i .e. 1 243 , 134 2,
etc ., need not to co nsi dered as the y giv e the sam e pre di cti v e densit y( s e e the app e ndix
for a con￿rm ation o f this re su l ti n a M on te Carlo con te xt). Sim il ar l y p erm utations w hi c h
le a v e unit 1 las t n e ed not to b e tri ed, i .e . 234 1, 243 1, e tc. T hi s ￿ rst pass re duces the
n um be r of ordering to b e ex am ined to 13. But this i s n ot the end. B y try ing a nother
ordering, sa y 42 13, a nd ￿nding, for exam pl e, t w o group s: 42 and 13 , w e can further
el im inate a l l the o rderi ng whic h sim pl y consist of p erm utations of the e lem en ts of eac h3 IN FERENCE 9
gro up, i. e. 41 32, 23 41, e tc.. It i s eas y to v e rify tha t o nc e four careful ly s e le cted orderi ng
ha v e b een t ried a nd, sa y ,t w o gro ups found in eac ht rial, w eh a v ee xha usted a l l p os si bl e
com binations , as far as the predi ctiv e densit yi s conce rned. The exam pl ei sr i g ged s o tha t
at e ac h sta ge w e ￿nd t w o g roups . When this is no t the c a se, the n um b er o f orderi ng t o be
ex am ined is larg e r, but i t do es not exce ed hN w he re h i s the m ax i m um n um b er of bre ak s
found with an y of the p erm utation.
3 Inferen ce
Once the \b e s t" orderi n g of the uni ts in the c ro ss sect ion , the n um b e ro fb r e a k p oin ts
and thei rl o cations ha v eb e e nd e term i ned, I w i ll b e in t erested in estim at i ng the un k no wn
m atrix ￿
u
an d t he h y pe rpa ram ete rs con tained in t he v ector ￿
0
an d i n the m atrix ￿
E
.
Let ! =[ ￿
0
0








] b e the v e ctor of para m eters o f the m o del . T he predic tiv e
densit y L
y
can no w b e used as a fun c tion of ! , fo r ￿xed Y , a nd m axim iz ed to co nstruct the






( m ) ;m ) with resp ect
to ! y iel ds the s o-calle d ML-t yp e I I e stim ator for the ! v ector (s e eB erger (1 98 5)) w hi c h
is the starting p o i n t for obtaining p os te rior esti m ates of the co e ￿ci en ts o f the dy na m i c
m o del for ea c h indiv idual unit.
There are se v er al w a ys to o btain estim ates of ! under the a ssum pti o n that the e rro rs
in (1) ￿ ( 2 ) ar e n or m al ly di st r ibuted, or u nde rt h e m ore general ass um ption that the
errors are dra wn from a distributi on i n the e xp onen tial fam i ly (s e ee .g. E f ro n (19 96)).
F or, exam ple ,i ft h eu ’ s are no rm al ly di s tri buted, the v e ctor ! can b e esti m ated a s (see
























































































where p =1 ;:::;q +1 ; i =1 ; :::;N ; x
j
is the m a tri x of regressors and y
j
the v ec to r o f
dep enden tv ari a ble s fo r unit j i n the pa ne l and ￿
j
ols
i s the OL S e st i m ato r of ￿
j
obtained
using only the i nfo rm at i o n for un i t j .
Giv en th e se estim ates for the h y pe rpa ram ete rs, one can c o nstruct Em pi rical B a y es
(EB) p o steri or poi n t estim at e s for the ￿ v ector b y plugg i ng -i n esti m ated v al ues i n standa rd






























) (18 )3 IN FERENCE 10
Al ternativ ely ,S m i th (197 3) s ho ws th at, under norm alit yo ft h eu ’s and the ￿’s a nd
after im po s i n gad i ￿ use prior on th e ! ,i ti s p o s s i ble to join tly esti m at e ! an d the p osteri or




















































































































where p =1 ;:::; q +1 ; i =1 ;:::;N ;j =1 ;:::;n
p
( m ); R i sad i a gon al m atrix with
sm all p ositiv ee n trie s used he re a s i nr idg e -lik ee st i m ators to insure that estim at e s of the
disp ersion m at r ix for e ac h g roup a re p o si tiv e de￿nite .
Note tha t w hi le the ￿rs t a pproac h o nly re quires OL S estim a tes fo r eac h unit, so tha t
p o steri o r esti m at es can b e com puted in t w o ste ps , i n the sec o nd a pproa c he st i m ates o f
the prior p aram ete rs and of the p os te rior m ean of ￿ are o btaine d join tly using an i terativ e
app roac h.
It is t ypic al ly the cas e that the no r m al po st e rior di s tri bution who se m e a n is giv en
in (18 ) or in (22 ) has a co v ariance m a tri x whic h undere stim ates the co v ariance m at r ix
obta i ned from a ful ly hie ra rc hic al B a y es appro ac h . This i s b ecause no a l lo w ance i sm ade
for the fact tha t the h yp erparam ete rs ha v eb e e n esti m ated and t h at the n um b er of unit si n
eac h gro up m a yb es m all . In this s i tua ti o n it is t ypi cal to correct the p osteri o r distributi on
to el im i na te the bi as i n the c o n￿dence in terv als for ￿ b y eithe r expl ic itly taking the




i n to accoun to rb y b o otstra ppi n g con￿ de nce
in terv als d i rec tly an d taking t he c o ndi tiona l m ean of the e m piri cal distri b uti o n as the
rel ev an tc o n￿dence in terv al (see e. g. Morris (19 83) o r Ca rl in and Gelfand (19 90)). In
m an y appli cations , am ong whic h the one presen te dh e re, researc hers a re n ot nec ess ari ly
in tereste di n the spread of the p os te rior distributi on o f ￿ ’s but ra the rt h e ym a yw an tt o
study f un c tions of the p o steri or m e an of ￿ . In this c a se, no correc tion i s nec ess ary a nd
EB esti m ates i n( 1 8 )o r( 2 2 )p r o vi d e reli ab l e p oin te stim ates (see Be rg e r (1 98 5)).
3.1 A com par i son wi th the exi sti ng li t era t ur e
As m en ti on e di n the i n tro ducti on , our testing-cl a ssi￿cation-estim at i o n appro ac h s hare
features with exi sting pro c edures a nd im pro v e so v er them i n som e dim ensions .3 IN FERENCE 11
F or ex am ple, o ne adv an t a ge of the pro c edure o v e r the regress i on -tre e ana l ysis o f
Durlauf a nd Jo hnson (199 5) is that he terog e ne it y within gro ups is all ow ed w hi le t he ir
pro c edure m ak es the e xtrem e as sum pti o n th at all the he terog ene iti es disap p ear once one
so rts u ni ts in to g roups . In o ther w ord s, t he ir estim ates r epresen t within g roup a v erag es o f
the un de rlyi ng indiv idual c oe ￿ cie n ts. O n the other ha nd, th e ir a pproa c h all o ws to lo ok
for breaks in m o re than one di m ension at t he t i m e, whil e thi si s s o m e w hat c um b ersom e
in the appro ac h presen te d here .N ev erthel e s s ,a sw e wil l see i n secti on 5, i ti sp o s s i bl e
to c om bine i nfo rm at i o n ab out b r ea k s obta i ned o rde ring uni ts i nd i ￿ ere n tw a ys a t the
infe ren ti a l s tage.
Rel at i v e to the g raphical tec hnique s a dopted b y Quah (1 996 a) and (19 96 b), the ap -
proa c ha l lo ws form al v eri ￿cation of the ex istence of gro ups in the cross sec tion. Qua h’s
app roac h, on the other hand, re quire sl e s s stri ng e n t as sum pti o ns than I am m ak i ng here
(e. g . the c o e￿c ie n ts of the dyna m ic m o del c ou l d b e tim ev ar y ing i nh i s setup).
The pro c edure is also rel at e d t o t h eo n eo fP aa p a nd V an Dijk (1 994 ) w ho use a
m i xture of no rm al d e ns i ties to c hara c teriz e the m ul tim o dal distributi o n presen ti nt he ir
data a nd a ssign units to g r o ups using a de cisi o n-m aki ng B a y esian rul e. The analysis
conducted h e re u nde rn o r m al it yc an b e i n terprete d a s a ttem pting to ￿t a m ixture of Q
norm al di s tri butions to th e data , where b oth Q and the n um b e ro fu n i ts in e ac h gro up
is unkno wn. D e sd oigts (19 98 ) uses a no n-pa ram e tric (p ro je cti o n pursuit) m e tho d to ￿ nd
as e t of econom ic c haracteri stics whic h all ow hi m t os o r tu n i ts in to gro ups. Ho w e v e r, he
gro ups units in the c ro ss secti o n using di￿erenc es in the regressors of m ode l (1), whil e
here di ￿ ere nces a c ro ss g roups ha v e to do with the pa ram ete rs of the d i stribution o f the
co e￿c ien ts of the d y na m ic m o del, no t with its regresso rs.
Finall y , the a pproa c hi sa l so rel at e d to s tanda rd cl us t ering a nd classi￿cation tec h-
niq ues (see e. g. M a rdi a , Ken ta n dB i bb y (1 98 0)). Con tra r yt ot h e se t e c hni ques I use a
regression fram ew or k wi th seri al ly c o rre lated data ; I a l lo w grou ps to ha v e di￿ere n tc o v ari-
ance m a tri ces; I do not restri ct a-priori the n um be r o f g roups (o nl y the m axim um n um be r
of gro upi ng i sc ho sen a-priori) a nd I use the predi ctiv e densit y , as opp osed to the w i thin
gro up v ar i an c e, as c las si ￿cation dev ic e.
Ih a v e run a Mo n te C arlo exe rcise to ex am ine the a bi lit y o f the pro cedure to de tect
breaks in t h e cross se ctiona l dim ension o f a panel a nd of un bi a sedl y esti m ating the h y p er-
para m eters with sim pl e DGP s. The results are presen ted in som e detail s in the App endi x.
It turns out that, if the o r de ring i sc o rre ctly sp eci ￿e d, th e pre dicti v ed e ns i t y ap proac hI
ha v e sug gested i s able to c o rre ctl y dete ct the n um b er and the lo cation o f bre ak s when
there a re sim pl eo rm ulti ple bre ak s in the data. Ho w ev er, the p os te rior o dds ratio ap -
pe ar st ob e s l igh tl y bias e dd o wn w ard when no hete ro gene itie s are presen t. This sugg e st s
that a c o nserv ativ e s trategy to a v oi d the proli feration o f g roups is to c ho o se a pri or od ds
to sli gh tly fa v or th e n ul l o f no breaks ev en in si tua ti o ns where no prior inform ation is
a v ailable . Wh e n the ord e ring is unkno wn, the m ax i m i zation o f t h e predic tiv e densi t y4 LI NKI NG T H E ECONO MET R IC A PP R O A CH A ND GR O WTH THEOR Y 12
o v er p erm utations rec o v ers the b est o rde ring of uni ts in the cros s s e ction, and once the
ordering is found, the n um b er and the l o cation of the breaks i sc o r r ectl y ide n ti￿e d. Esti-
m ates of the h y pe rpa ram ete rs a re bias e dw h e n the size o f th e tim e seri es is sm all :m e an
para m eters a re do wn w ard bi a sed a nd v ar i an c e p aram ete rs up w ard b i as e d . When T ￿ 30
m ost o f these biases d i sa pp ear.
4 L inkin g the Ec on om etric Approac h and Gro wth
Theory
Whil eI h a v e a rgued th at w i tho ut a n y pri o r inform ation ab o ut the orderi ng o f the units,
a brute force appro ac ht o t h e m ax im ization o f the predi ctiv e densit y is feas i ble, ev en
thou gh com putationally dem anding when N i s larg e ,i t is also the c as e t ha t e con om i c
theory pro vi des inform ation tha t re s tri cts the n um be ro fi n ter esting p erm utations one
sho ul d try . I td o e ss o b y pro vidi ng i ndicators whic hm a yd e term ine whic h unit wil l
b elong to w hi c h gro up.
F or the case o f con v ergence cl ubs , ex isting gro wth the o ry has sug gested m an ym ec ha -
nism s that m a yl e a d to suc ha no u t c om e. Ga l o r (1 99 6) pro vi des a tho ugh tful a nd com pact
sum m ary o f the m a jor im pl icati on s o f v ar i o us theo r etic al m o del s , stressing th e e con om i c
indi cato rs wh i c hm a yp r o duce cl ub c on v ergenc e. T o pro vi de t he n e cessa r y link b et w een
the theory and the i m pl em e n ta t ion of the pro p os e d approa c h a nd so m eg u i deli nes to
in terpret the re su l ts, I ne xt brie￿y s um m arize th e caus e so f c l ub s con v ergence a nd the
indi cato rs whi c hc a n b e us e ful to o rder units i n the c ro ss sec tiona l dim ension of the p anel .
Basic neo class i cal gro wt h m ode ls, with pro ducti o n functions e xhibi ting dec reasing re-
turns to scale to th e c ap i ta l -l ab or ratio, ex o genous p o pulati on gr o wth and ￿x ed sa vi ng
rate m a y generate co n v e rg e nce c lubs i n, at l east, t w oc i rcum s tances: when sa vi ng r a tes
out of w ag e and i n tere s t incom ed i ￿ er with t h e ￿rst b ei ng larg e r; when the e cono m y
features hete ro genous a gen ts . The ￿ rst assu m ption m a yb ea c o nseq ue nce of he terog e-
nou s factor endo wm en ta c ro ss indi viduals and l ife -cycl ec o nsider at i o ns, whil e the sec on d
one, for ex am ple, is a s t a ndard feature of OG m od e ls. In b o th c a ses, m ulti pli ci t y of sta -
tionary e quil ibri ao c curs and the distri bu ti on of i niti al i ncom ep e r- c ap i ta dete rm ine s the
as y m ptotic cl ub to wh i c h a p arti cular un i tw i ll b el on g.
The incorp o ration o f e m piri call yi m p orta n te le m en ts suc ha sh um an c ap i ta l o r fe rtil-
it y in the bas i c neo c las si cal g ro wth m o del , along with so m et yp e of m ark et im pe rfect ion s
(ex ternaliti es, im p erf ectl yc om pe t itiv em ark e ts, non- c on v e xiti es, a nd so on) pro duce sa d -
diti o nal c hannels w hi c h s tre g the n the p os sibi li t y o f club con v e rg e nce. F o r exam pl e, so c ial
inc reas i ng returns wit h resp ect to h um an c ap i ta l accum ulation or c ap i ta l m ar k et im -
p erfec tions to gethe r with no n-con v exi ties in the pro ducti on of h um an c ap i ta l generate
con v ergence clubs. In this case units whic h are sim ilar i nt h e ir c ha r a cte risti cs a nd i nt he ir5 ARE THERE C ON VER GE N C E CL U BS? 13
ini tial l ev el of inc om em a yc luster aro und di￿ere n t stead y s tate e quil ibria b ecaus e they
ha v e di￿eren t endo wm en ts of h um an c ap i ta l (see e .g. A zariadis and D raze n (1 99 0)). In
so m e cas e s , it m a yb e t he w i th i n uni t distri bution of h um a n capital wh i c h dete rm ine s the
steady state a round whic h uni ts m a yc l uster ( se e Galor and Z eira (1 99 3)). The w i thin
unit distri bution of ini tial i nc om em a y also b e the re a son for wh y units con v erge to di ￿ er-
en tc lubs: cap i tal m ark e ti m p erf ecti o ns to gethe rw i th s om e￿ x ed cos t i n pro du c tion m a y
generate this outcom e (see Quah (199 6b)). A m o del wi th endog e no us ferti lit y ,a si n B arro
and B ec k er (19 89 ), can a l s o pro duce con v ergence c lubs. In thi s ca se the ini tial c o ndit ion s
with re spe c tt on um be r of c hil dren and the l ev el o f h um an cap i tal di cta t e the ste a dy state
eq ui li bria i n whic h a unit w i ll settl e. In other v ersi o n so fas u c ham od e l, it is the ini tial
le v e lo fd i stribution of i nc om e whi c hd e term i nes the distributi o n of the stead y sta te l ev e l
of output p er-c ap i ta an d fer tili t y rates.
Finall y , Quah (199 6a ) sug gests tha t cl ub c on v e rg e nc em a y due to inform ationa l exter-
naliti es whi c hm a yo c c ur at e ither sta te or nei gh b orho o d lev el . Tha t is, u ni ts whic h are
ei ther m em b ers of t h e sam en a t i on , sha re som e b orders, o r b elong to geog raphic al ly ho -
m ogeno us areas , m a y tend to c luster tog e ther b e caus e inform ation ￿o ws m ore e a sil y acros s
units wit h these c ha racte ristic s . Henc e the g e o gra phi cal l o cation of a unit de term i nes the
con v ergence c lub i tw i ll joi n . This l o cal ex ternali t yh y pot he sis substa n tiall yd i ￿e rs from
thos e whic h use i ncreasing returns to scale in s om e factor o f pro ducti o n and m a y generate
con v erge cl ub s ev en under s tanda rd as sum pt i on s ab out pre ferenc es and tec hn ol o gie s.
T os u m m arize , the th e or e tic al l i terature has pro vide d a t least four di￿ere n ti nd i cato rs
whic hm a yb e u s e d to order units along the cross secti on : t he i niti al l ev el o f i nc om e, the
ini tial le v e lo fh um an cap i tal; the i niti al d i s tri bution of i ncom e p er-capita and h um an
capital wi th i n the unit. F urtherm ore, geo graphical i ndicators c a n b e used to scale p er-
capita incom e data and/ or to org aniz e units i n the cros s secti on .
5 Are T he re C on v ergence C lubs?
In this secti o n I study whether con v ergence c lubs e xist in i nc om ep e r-ca pi ta with t w o
go als i nm i nd . F irst, I w ou l dl i k et o e xam ine the c om p ati bi li t y o f incom ep e r- c ap i ta
data w i th m o dern g ro wth t he o ry with m ul tipl es t e a dy sta te s
1
.S e con d, I w ou l dl ik et o
b etter understa nd the sta ti st i cal pro p erti es o f inc om e p er-c ap i ta da ta. I n partic ular, I
am i n te rested i ne xam ini ng wh at kind o f heterogenei tie s the d ata di sp l a ys, whether the
a v erag e adjustm en t pro p erti es to the steady state a nd the a v erage stea dy s tate are gro up
dep enden t , a nd whethe rd i ￿ ere n t g roups displa y di￿erenc e p ersi st e nce o f ine qua l iti es,
in the s e ns e tha t th e rel at i v er a n k ing in the i niti a l distributi on i sm or e i m p ortan ti n
1
W hat I exam ine h ere i s a som e what str o ng v e rsion o f this h yp o the sis. A w ea k er v er sio nw ould pre di ct
the e xi s tenc e of c on v e rgenc e clubs in the distr i bution o f gr ow th r at es of i nc o m e p e r capita.5 ARE THERE C ON VER GE N C E CL U BS? 14
dete rm ini ng the re lativ e ranki ng in the steady state di s tri bution for som e g roups tha n
others. I study these i ss ue s using t w o di￿eren td a t as e ts: Eu rop ean re gi o nal i ncom e
p er-cap i ta fro m the Euro stat da tabas e a nd OECD na ti o nal i ncom e p er-capita from the
Sum m er a nd He s ton d ataba se.
5.1 Euro p e an R egi o nal In c om e p er-capi ta
The da ta set used in this subs e ction co v ers 1 44 E urop e an N UTS2 uni ts and refers the
p erio d 1 980 -19 92
2
. Canov a and Marce t (19 95 ) s ho w that an AR(1) m o del with re gi on
sp e ci￿c p aram ete rs c a ptures su￿ci en tly w e ll the dy na m ics an d l ea v es th e residuals cl os e
t oan o r m a l white noise w he n the data is s c al ed i n eac hp e rio d b y the Europ ean a v erag e .
They also sho w tha t fo r this data set i nco m ei nequali tie s a re p ersisten t , in the sense
that the re is v ery l ittl e evi dence that th e incom eo fp o o ra n dr i c h region s wil lb e com em ore
sim ilar as ti m e prog re ss e s , and that the esti m at ed d i stributi on of s t e a dy states is fa r from
coll a psi n g t oas i ng l e p oin t. H ence , thei r setup o￿ers the na tural g round for e xam ini ng
whether the re is an yt e ndency to w ard cl ustering. F or t =1 ; :::;T ; i =1 ;:::;N Iu s ea



















i s the p er-capita i nc om eo fe ac h region re lativ e to the Eu rop ean a v e ra ge. I a l so
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Giv en that N =1 44 I a l lo w, at m ost, 6 gro ups (i .e . Q=5). F or regi o nal data there a re v ery
few indi ca tors w hi c h can b e us e d to o rder units a c cording to the sugg esti o n so fr e c en t
gro w th theorie s. F o r exam pl e, no indi cato rs o f the a v e ra ge regiona l h um a n capital (o r its
distri bu ti on ) a t the b e gi nning o f th e sa m ple is a v ai lable , nor do I ha v e regional m ea sures
of disp e rsions of i ncom e p er-capita. G i v en tha t th e sa m ple c o v e rs th e 1 980 ’ s a nd that I
am e xa m ini ng Europ e an r e gi on s be l o nging to EEC coun trie s, I c o nje cture t ha t d i ￿e rences
along these dim ensions are un l ik el y to pro vi de rele v an ti nfo rm at i o n to group units in to
con v ergence c lubs
3
.
Giv en the se l im itations , I s e ar c hf o rc l ub s o rde ring the cross secti on ac cording to:
(i) the m a gnitude of p e r-ca pi ta i ncom e rel at iv e to the Europ e an a v e ra ge i n 197 9, with
p o o r regions com i ng ￿rs t; (ii ) the m ag ni tud e of p er-capita i ncom e relati v e to the na ti o nal
2
R oughl y s pea k ing the NU TS2 classi￿catio n corr es p o n ds t o regio n s. NUTS1 refer s t o l arger te rritori al
units (the " No r th", the "Ce n t re" and the "South") whi le NUTS3 pro vi de s data a tp r o vincial l ev el.
3
As an info rm al c he c ko ft h i s conjec ture , I s eparated l ye x a m i ne d the c a s e of re g ions in Italy a nd Spai n,
fo r whic h edu cati onal data a re a v ai la ble (s ee B o ldrin and Cano v a( 1 998) for a de scr i ption of thi s data). I
￿nd t ha tr e g iona l di￿e renc es i na v e rag eh um a n capital and i n t he dist ri but i on of h um a n capi ta l are sm al l
and t ypi ca ll y unr ela te d to the tim ep a t h of i nc om e p er-c a pita i n the sam ple.5 ARE THERE C ON VER GE N C E CL U BS? 15
a v erag e in 1 979 , with p o o r regions com i n g ￿rst; (i ii ) the m agn i tude of lo c al ly scaled
inc om e p er-capita i n 1 979 (M edite rra ne a n reg i on s and I reland are scale db y their a v e ra ge
and no rthe rn regions are scale db y thei ra v e ra ge), with p o or re gi on s c om ing ￿rst; (iv ) the
m agn i tude o f the a v erag e share o f p er-capita incom er e lativ e to the Europ ean a v e ra ge in
the sa m pl e, with p o or regions com i ng ￿rs t; (v) the m ag ni tude of the a v erage gro wth rate
of p er-capita incom ei n the s am pl e, with regions g ro wing s l o w er com i ng ￿rst.
The ￿rst ordering attem pt st o c a pture the e ￿e ct that ini tial con di tions m a yh a v eo n
the s te a dy sta te di s tri bution of i nco m e p er-c ap i ta ; the nex tt w o o rderi ng s try to v eri fy
whether g e o graph i cal exte rna l iti es (e ither at coun try or at s outh- north l ev el )m a yb e
im p ortan t to dete rm i n e th e p os i tion o f a u ni t in the stead y state distri bu ti on or its ba sin
of a ttr a cti on ; the las t t w o classi￿cations a tte m pt to study the i m p o rtance o f thre s hold
ex terna l iti es, h e re p ro x ied b y the s i ze o f the s hare o f inc om e p er-capita i n Europ e or its
gro w th rate. Note that if geog raphic a l exter n ali tie s are i m p o rtan t, a n y tendency to w ar d
con v ergence clubs tha t m a y ap p ear with ordering (i), sho ul db ew ea k ene d or disapp e ar
with ord e ring (ii) or (ii i).
Am o ng these ￿v e o rderi ng s, I ￿nd that the ￿rst one m ax i m i zes the predi ctiv e densi t y
of the da ta. Gi v e n this orderi ng I i den ti fy thre e bre a k p oin ts , corresp onding to units
15 , 23 and 120 , and, con se quen tl y , four groups i n the data . Wi thin the ￿rs t 15 units
there are te nr e gi o ns o f Gree ce, fo ur of P o rtuga l a nd on e o f Spa i n( E x trem adura); in the
second group there are four re gi o ns o f Greec e, three of S pain an d one o f Italy (Calabria);
￿na l ly , the last g roup i nc ludes re gi o ns from n i ne di ￿e ren tc ou n tries but the m a jorit y are
Germ an (9) a nd Northern I ta l ian (5). N o te that the fou rt h an d ￿fth orderi ng s pro du c e4
and 3 g roups, wh ose com po si tion is v e ry sim i lar to the se on e s . Henc e, the spli tting tha t
the algorithm pro du c es is hi gh l y sug gestiv e of the fa c t tha t Europ e an r e gi on s c l us te ri n to
hom o gene o us g roups along the p o or- ri c h , s outh-n orth dim e ns i on s.
In ￿gure 1 I pro vide gra phic al e v idenc e of the exi st e nce o f groups w i th the ￿rst orderi ng
b yp l o tti ng the pre dicti v e densit ya s a f un c tion o f the l o cation of th e break p oin t, together
with the predic tiv e densit y obtained wh e n the re a re no bre a ks (the do tte dl ine). The ￿ rst
pan e l ref ers to the ful ls a m ple, the next t w o panel s to the t w o sub sam pl es obtained
separa ti ng units a c cording to the ￿rs t optim al spli tting. T oi n te rpret the g raphs note
that the en t ries on the ho ri zon tal axi s giv es the l o cati o n of the break and tho se on the
v ertic a l axis the v alue o f the predi ctiv ed e ns i t y . Therefore, en try 23 o n the ho ri zon tal axis
in th e ￿rst pa ne li nd i cates that a ssigning units 1-2 3 to the ￿rst gro up and units 24 -14 4 in
the second giv es a v al ue o f L
+
o f 49 43 ( as c om pa re d to the v alue o f 48 63 when no bre ak s
are all o w ed) Sim il ar l y , the second pa ne li nd i cates the ne ed of further spli tting gro up 1 in
t w o subgro ups (1-1 5 and 16 -23 ) a nd thi ss p l it g i v e sav al ue of L
+
of 67 9 (as com pared to
the v alue of 67 0 wh e n no breaks are a l lo w e d). Fi n all y , spl itting gro up 2 i nt w o sub group s
(24 -12 0, 1 21 -14 4) g i v e sav alue for L
+
of 43 25 (as c om pared to a v alue of 42 72 when no
breaks a re all o w ed).5 ARE THERE C ON VER GE N C E CL U BS? 16
T ab l e 1 presen ts the results of testi ng v arious h yp o the se su s i ng t h e p osteri or od ds
ratio. Al so r e p orted are the pri o r o dds ratio for eac h of the h yp o the se so f i n terest and ^ ￿ ,
the m i ni m um v alue of the pri o r pro babil it y on the n ul ln e eded s o th at the data wil ln o t
reje ct it. Three features of the ta bl e should b e noted. First, the o v erall ￿t o f a m o del with
three breaks is signi￿can tl y b etter th an the one wi tho ut bre a ks: the pre dicti v e densit yi s
subs tan ti al ly high e r an d a PO ratio fa v o rs the h yp o the si so fh e terog e neiti es. Second, in
go i ng from one to three bre a ks, the re lativ ei m pro v e m en ti sn o n m o noto ni c and , for the
third bre ak , the p os t erior o dds ratio do e s not pro vi de enough s upp o rt fo r the a l ternativ e
h y p othesis that the re are three breaks. Thir d , and as a cons e quence of the ab o v e, w e
nee dt o h a v e progressiv ely w eak er a-priori ex pe cta t ion s on t he n ull a s the n um be ro f
break p oin ts w e are te st i ng for incre a ses.
Whil e the statisti cal e videnc ei nf a v or of three breaks is not o v erwhel m ing, e con om i c
di￿ere nc es app ear to b e re lev an t. I presen t estim at e so f ￿
p
fo r th e who l e sam ple a nd f or
eac h o f the fo ur s e lec ted gro ups in table 2 . I ti sc lear that the four g roups can b e iden ti￿ed
b y b oth t he v al ue o f th e in te rcept and o f the s l o p e of the m o del (23). F or exam ple , the ￿ rst
gro up i sc haracteri zed b yv ery s l o wa v e ra ge p ersi st e nce i n rel at i v ei nc om e p er-capita (lo w
￿
p
) and b el o wa v erage m ean in terce pt (lo w a nd negativ e ￿
p
). A t the opp osite, the l as t
gro up i sc hara c teri zed b y higher a v erag e p e rsistence a nd ab o v ea v e ra ge m ean in te rcept
(high ￿
p
a nd p ositi v e ￿
p
). I n tere stingly the c en tral gro up, whic hc o n ta i ns the l ar g est
n um be ro fu n i ts , has a m ean v alue for the p e rs i stence pa ram e ter whi c hi s h i g her tha n
that of the last group .
The within group di sp ersi o n of h yp erpara m ete r estim ates, v ari es s ubstan tiall y acros s
gro ups. F or e xam ple , di￿erence si n the p ersi st e nce para m eter are sm all i n the sec on d
gro up (0.04 ) bu t larg e in the las t one (0.64). F o r three of the f o ur gro ups the di sp er si on
of the p e rsistence para m eter within sub group s is substa n tiall ys m al ler tha n the di sp er si on
obta i ned b y( w eakl y ) po ol ing tog e ther all units with a n e xc h angeab l e pri o r, sugg esti ng
an o v erall reducti o n of the residual hete ro gene it y o nce g roups are i de n ti ￿e d. F o r the l as t
gro up the disp ersion pa ram e ter is large, proba bly b ec a use the sam pl ei ss m all and there
are f ew outli ers (Dutc ho i l pro duci n g reg i on s). I ng e neral, it ap p ears that the last gro up
is heterogeneous and re quire s a furthe r sub di vi si on . H o w e v e r, the pro cedure w as unab l e
to l o cate an y further break in this gro up. Finall y , exc ept for the sec o nd gro up, there is
no evi dence that the disp e rsion o f the co e ￿ci en ts aroun d the m ean is neg l igibl e, s tre ss i ng
the nee d to con tro l fo r resi du al he terog ene iti es once group s are iden ti￿ed.
T os u m m arize the features of the p o steri o r distri b uti on of t h e ￿ ,I r e p ort thre ee co -
nom ic al ly in te resting functions o f the co e￿c ien ts o f the dyna m ic m o del : a scatter pl ot
of sp e eds of adjustm en t to the stead y state ( 1 ￿ ^ ￿
i
) ag ainst the i nitial conditi on y
i 0
f or
eac h o f the four gro ups; th e m e a n and the disp e rs i on o f estim at e d stea dy sta te s fo r eac h
gro up; and a long run m obili t yi ndex.
With the scatter plots I a m i n tere st e di nv e rifyi ng whether the m a gnitude of th e s l ope5 ARE THERE C ON VER GE N C E CL U BS? 17




v ari es w i th the gro up and, in particul ar , wh e ther units with b elo w
a v erag e initi al conditi o ns adjus t fa ster o r sl o w er to the steady state than units with ab o v e
a v erag e ini tial cond i tions. Recall that the sta ndard neo classical g ro wth m o del has the
prop ert y tha t the sp e ed of a djustm en t do es no t dep end o n the init ial cond i tions. The
second s tatisti c pro vide s inform ati o n o n the core questi on of t h i s pap er, i .e. whether
the i den ti ￿ed gro ups do c luster aro und di ￿e r en t steady states. The m ob i li t yi ndex, o n
the oth e r hand syn thetic al ly m ea sures, g i v e n a partic ular p os i tion i n the i niti al i ncom e
distri bu ti on , the li k e li h o o d o f switc hing i ncom ec l a sses in the long run (i. e. it m ea sures the
li k eli ho o d of \m iracl es and bu sts"). Su c h an index a l so hi gh l igh ts whether i nequali ties
are p ersiste n t, a result wh i c hi so f i n te rest to p o l ic ym ak e rs concerne d with, e. g., the
ev aluation of tran sfe r pro gram s to und e rdev elop ed regions. I n the ex erci se I co nsi der only
t w oc las se s ( abo v e a nd b el o wa v e ra ge i ncom e a t the b e gi nning o f the sam ple a nd i n the
steady sta te s)
4
and the m obil it y inde x for the t w o states (l o ng- run) M ar k o vc hain is






is the esti m at ed pro babili t yo fs t a ying in the
cl as s wh e re a uni t starts, i =1 ; 2. N ot i ce that ￿1 ￿ M ￿ 1, wit hv alues greater tha n
ze ro indic at i ng m ob i li t ya c ro ss the t w oc las se s a nd v alue sl e s s than z ero sup p orting the
ide a that the re is p e rs i stence of ineq ua l itie s.
Figure 2 i ndicates that inde ed there a re striki ng di￿erence s in the relati o nship b et w een
sp e eds of adjus tm en t and initi a l conditions o f the four g roups. Whil e fo r the ￿ rst t w o
gro ups the sl ope i ss t r o ngly n e g ativ e (estim a tes are 0 . 7 -0.9), the sl o p e for the third gro up
is stil l nega ti v e but sm alle ri nm a gnitude ,w h i le the slop e fo r the fourth grou p i s sli gh t ly
p o siti v ee v e n thoug h not si gn i ￿c an tly so . Notice al s o tha t there i sa n um be r o f r e gi on s i n
the last t w o gro ups w hi c hh a v e sp eeds o f ad j u stm en t whic h are ei ther ne g ativ e or greater
than one, i nd i cating p oss i ble non- stationa ry or o sci ll a tory p o steri o r dynam i cs.
T ab l e 3 con￿rm s tha t th e ide n ti￿e d g roups d o c o nstitute di￿eren t con v e rg e nce c lubs.
The m eans o f the steady s tates are di￿eren t across gro ups (g i v en equal prior o dds , the
p o steri o r p robabili t y tha t the y are eq ua l is negli gible for ev ery pair exce pt the ￿rst t w o)
whil e the disp ersion of steady sta te s aro und these m e an s v aries with the gro up. The
ec o nom i cs i gn i ￿c an c e of these di ￿e rence s is substa n tial. F or exam pl e, the m ean steady
sta te of the ￿rs t g roup i s a round 45 % o f the Europ e an a v erage and the m ean of the fo urth
gro up i s a bou t 1 5% abo v e the Europ e an a v erag e .A lso, the stea dy s tate d i stribution is
far fro m collapsing fo r all but group 2 an d the re is a substa n tial re du c tion o f the steady
sta te d i sp er si o n once units a re appro pri at e ly grou p ed.
Giv en these results, one w ould l ik et ok n o w what a re the c hara ct eristi cs o f the units
b elong i ng to eac h g roup. F o r exam pl e, o ne m a yb e i n tere st ed i n kno wing i f there wil l
be a n ym obil it y in the steady s tates ra nki ng (rel at i v e to the initi al c o ndi tions ) o r if club
con v ergence o c curs i nas i tua ti on of i m m obil it yi n the ran k ing. The m obil it yi ndex fo r the
4
Chang ing the t hres ho ld from t he m ean to the m ed i an do not c hange the qual itati v ef e a tu res o f the
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who l es a m pl e, equal -0 . 2 4 , sug gests a v e ry w eak tendency to tra nsit from the p ositi on
where the uni ts start: the tendency to trans i ti sm uc h stro nger for u ni ts whi c h sta rts
ab o v e the m ean , w hi le p o or regions tend to sta y uni fo rm ly p o or, i. e. bu sts are m ore
prob able than m i ra c les. T he four gro ups cl early displa y di￿ere n tm ob i lit yc hara c teristi cs.
In the ￿rst gro up th e re i s a stro ng tende nc yt os t a y in the lo wi nco m ec lass a nd i n the
second gro up there is com pl ete im m ob i li t y . Th e thi rd g roup m irrors , wi th m i no r n um eri cal
di￿ere nc es, the tendenci es of t h e who l es a m pl e but 6 7% o f the uni ts s t a rti n g abo v e the
a v erag e e nd u p b e lo w it in the steady s tate. The fourth group also s ho ws a tendenc yt o
slum p a nd ab out 50 % o f the units whic h started ab o v ea v erag e are ex pe cted to b e b elo w
a v erag e i n the steady sta te s( c ur i ou sl y ,m o st a re F renc h and Germ a n regions!).
F ew i n tere sting g e neral e con om i cc on c lusions can b e dra w n fro m the ana l ysis. F irst,
the inc om ed y na m i cs o f ini tiall y p o or region s tend to b e di ￿e ren t from those o f the
ini tiall yr i c h. Se co nd, there is v ery litt le tendency fo r the p o or to m o v eu pi n the i ncom e
distri bu ti on l a dde r whi le the i niti al ly ri c hm a y fall bac ki n to m e dio c rit y .T h i rd, and as a
consequenc e of the ab o v e, the steady sta te distri b uti o n of i ncom e p er-capita m a yb e com e
m ore p o l ar i zed with few v ery ric h units a nd the rest cluster ed in few g roups b elo w the
a v erag e. F ourth , the l ow m o bil it y in the i ncom ed i s tri bution ladd e r o f the m aj o r it yo f
po or a n d v e ry ric hu n i ts, c o n￿rm s the re su l ts of Ca no v a a nd Marce t (199 5) concerni ng
the p ersistence in ineq ua l itie si nr e gi o nal p er-capita data.
Qua h (19 96a ) has arg ue d that o nc eg e o graph i cal ex ternalit ies a r et a k en in to accoun t
the t endency to w a rd con v e rg e nce c lubs w eak ens. D o es this o ccur i n o ur sa m pl eo fr e gi o nal
data ? The a nsw er is partiall y p os i tiv e. In F igure 3 I plot the predic tiv ed e ns i t ya s
a function of the l o cati o n of the bre a k wh e n regiona l inc om e p er-capita is scale db y
nationa l incom ep e r- c ap i ta and ord e red according to the m agnitude of the sc al ed ini tial
conditi o ns. There i se vide nc e of only o ne signi￿c an t bre ak ( p r odu c ing t w o group s with
units 1- 93 a nd 94 -14 1), but no w the h yp erparam ete rs of the t w o g roups are m or e si m i lar.
F or e xa m ple , the AR pa ram e ters has a m e an of 0. 5 97 in the ￿rst g roup and 0.71 3 i n the
second. M or e o v er, di￿erenc es i n estim at e d stead y sta te s a re m uc hs m al le r tha n tho se
obta i ned when p er-capita i ncom e is scaled with the Euro p ean a v erag e and th e di sp er si on
aro und t he t w o stead y states i s subs tan ti al ly reduce d. He nce, there i ss o m ee vide nce tha t
geog raphical a nd/o r inform ationa l ex ternaliti es are pre se n t: on c e the s e e￿ect s a re ta k en
in to a c co un t the n um b e ro fc lubs i ss m al ler a nd the ec o nom i c di￿ere nces am ong them
signi￿can tl y reduce d.
5.2 O ECD N at i ona l Inc om ep e r-cap i t a
F oll o wi ng Ca no v a and M ar c et (1 99 5), the m o del used to capture the ti m e seri es c hara c-
teri stics o f this data set is (23 )-(24 ), where no wN =2 1, tim e runs fr o m 19 51 to 19 85 a nd
at m o st 3 group s are a l lo w e d( i .e . Q=2 ). Con trary to the case o f re gi o nal data , us e ful5 ARE THERE C ON VER GE N C E CL U BS? 19
inform ati o n to order un i ts i nt he c ro ss s e cti o n dim e ns i o n of the panel i sa v ail ab l ea tt h e
coun try le v e l. H ence , I searc hf o rc l ubs o r de ring uni ts according to: (i ) the m agnitude
of th e p e r- c ap i ta GDP re lativ e to the OE CD a v e ra ge i n 195 0, with units ha ving p o o r
ini tial c o ndi tions c om ing ￿rst, (i i) the m a gnitude of the a v erag e h um an capital in 195 0,
m e a sured as in Barro and L ee (199 4), ord e ring uni ts i ncreasingly in thei ra v erage endo w-
m e n to fh um an cap i tal, (ii i) the disp e rsion of i ncom e distri bu t ion i n 19 50 (Gini i ndex
from the L uxe m burg I ncom e Study), with un i ts di sp l a ying high disp ersions c om i ng ￿rst;
(iv ) the d i sp e rs i o n o f th e distri bu t ion o f h um an capital in 19 50, (m easured as the sum
of the p erce n ta ge of the p o pulation w i th pri m ary and uni v e rs i t y educati o ns using B arro
and Lee da ta), with units displa yi ng high d i sp er si o ns com ing ￿rs t; (v) a c en te r- p eri phery
cl a ssi￿c at i o n of the w orld e cono m y (G-3 ￿rs t a nd the n the re st ), (vi ) a geog raphical ly
cri teri aw i th Euro p ean nations ￿ r st an d r e st of t h e w orl d a fte rw ard a nd M edite rra ne an
coun tri es prece di ng northern Euro p ean coun trie si n the o rde r. Note that in these l at -
ter t w oc l a ssi￿cations inc om e p er-capita is scale db y OECD a v e ra ge and org aniz ed the
according to geo graphical and/ or n e igh b o rho o d di m ensions
5
.
When o ne bre ak i sa l lo w ed the m ax im i zed v alue of L
+
for the six c las si ￿c at i on s i s
24 36 , 24 23, 24 33, 242 3, 242 0 and 24 15 resp e ctiv el y , su ggesting that the p r edic tiv ep o w er
of the m od e li sm axi m iz ed when u ni ts are ordere da c cording to the initi al c o ndit ion s
of i nco m ep e r -c ap i ta . Con si st e n tw i th the results o f Du rl au f and Jo hnson (19 95 ) the
pro c edure prefe rs i nitial output o v e rl ite ra c yr a t e s as the m ost usef ul v ar i ab l et o i den ti fy
breaks in the data. H o w ev er, di￿erenc es in L
+
across alte rna ti v e classi￿cations a re s m al l
since the o r de ring o f uni ts i n th e cros s sec tion i sv e ry sim i lar in at least fo ur c a ses. Tha t
is, cou n trie sw h i c hh a v el o w ini tial i ncom e con di tions a l so ha v el o wa v era ge initi al h um an
capital, a distri b uti o n of i nco m e with hi gh d i s p ersi on a n d ar e ge o gra phi call y lo cated in
the "So uth"’ o f the dev el ope d w orld.
Giv en thi s ordering o f the da ta, the p osteri o r o dds ratio e sta bl ishes the presenc eo f
only o ne break in the cro ss s e ctional d i m e ns i o n o f this pa nel ,w i th a v al ue o f 0. 9 79, giv en
eq u al prior o dds on the n ull of on e gro up and the a l ternativ eo ft w o g roups. In ￿ gure 4
Ip l ot L
+
as a func tion o f the lo cation o f the break p o i n t for the b est orderi ng together
with the pre dicti v e densit y o btaine di n the case of no breaks (dotted li ne). T he ￿ rst
gro up con ta i ns the ￿v e p o orest uni ts (T urk e y ,P o rtugal, G re ece , Spain a nd Irel a nd) a nd
the second g roup the re st .
Es ti m ates o f the h yp erpara m eter s for the t w o gro ups are ￿
1
=[ ￿ 0 : 16 2 ; 0: 8 24] a nd
￿
2
=[ 0 : 00 04 ; 0: 95 8] , sug gesti n gam uc h fas te r a -pri or i a v e ra ge rate of con v ergence to w ar d
5
Substitution of the s i ze o f the p opul ation hol di ng 50% of nati onal w ealth for G ini i ndice s a n d the
sum of the i n v er se of t he p erc en tage of the p opula ti on with prim a ry a n d the i n v er se o f th e per ce n tage of
p opula ti on with sec ondary e ducatio nf o r the p erc en tage of the p opula tion holdi ng pri m ary and uni v e rsit y
de g r ees do e s not c hange t he res ul ts . The orde ring obtai ne d with the se ne w i nd i c es are practicall y iden tical
to those I us e.6 CONCL U SION S 20
a pol e of a ttracti on wh i c hi s b e l o w the O EC D a v erag e for the coun tri es i n the ￿ r s t g roup.
Note tha t p o oli ng t he t w o grou ps together pro du c es esti m ates of ￿ of [ ￿ 0 : 035 ; 0:881 ] .
The disp ersion o f estim at e si ss m al l but non- ne gl igibl e (in partic ular, the disp e rs i on o f
esti m ates o f the A R pa ram e ter is 0.02 i n the ￿rs t group and 0 . 0 5 in the sec o nd gro up)
sug gesting the presenc eo f m easura bl eh e terog e ne iti es withi n gro ups. In o the rw ords , it
app easrs th at cl ustering is m ore pre v al en t than con v e rg e nce e v e n afte r o pti m al ly s pl itti ng
the sa m ple.
The p o steri or c haracteri stics of the t w oc lubs di￿er. T he a v e ra ge p osterior e st i m ate
of the s t ea dy sta te for the coun trie s in the ￿rst group is -0.76 47 and for the co un tries
in the second g roup is 0.049 8. Th i sd i ￿e rence is statistic al ly and ec o nom i ca l ly larg e :
in partic ul ar, i ti m pl ies that the re wil l b e a p erm anen td i sc repancy in the a v erag e p er-
capita incom e of uni ts in the t w o group s o f ab out 60%. The disp ersion of e stim ated
steady states around these p ole s of attraction is sm all er tha n the o ne obta i ned when a l l
units a re (w eakl y) p o ole d tog e ther. Ho w ev e r, d i ￿e rence s of ab out 15- 20 % i n steady state
inc om ep e r- c ap i ta i ne ac h g roup a re sti l l po ss i bl e. Fi na l ly , the m obili t yc hara c teristi cs o f
the t w o gro ups are si m il ar: a part for fe w exc eptions, the ra nki ng o f un i ts in the i ncom e
distri bu ti on c ha nges v ery l ittle o v e rt i m e and coun trie s whic hw ere p o or at the b eginni ng
of the sam pl e are sti ll the p o orest i n the steady state. W hat i si n te resting ab out this
last ob se rv at i on i s the fact that there is no e vide nce that the e cono m ic b o om whic ht o o k
place i nI rel a nd in the 1 99 0’s an d all ow ed t he c ou n try to m o v eu p i n the OECD i ncom e
distri bu ti on l a dder w as forthcom i ng .
In sum ,i n a g r eem en t with w hat Quah (1 99 6b) and D url a uf a nd Joh nson (1 995 ) ha v e
dete cted for a larger s am pl eo f c ou n t ries, I ￿nd tha t cl us te ring a l on g t h e p o or-ric hd i m e n-
sion is prev ale n ti nt h i s da ta set. Moreo v er, coun trie sw h i c hw e re i nitial ly p o or w ere a l so
thos e ha vi ng be l o wa v e ra ge i niti al h um an c ap i ta l ,l ar g e incom e and educationa l i ne quali-
tie s and w e re lo c at e di n the \So uth" of th e de v e lop e dw orld. These ini tial c h aracteri stics
are v ery p ersi st e n t and pro duce p olariz at i on i n the steady state di st r ibution of incom e .
The p o l ic yi m pli cations o f the s e ou tc om es are strik ing: unless so m em aj or c hang es o ccur
the ini tiall y p oor w i l l rem ai n p o or forev er and the yw i ll te nd to cluster aro und a bas i no f
attra c tion whi c h is su bstan ti al ly b elo w the OEC D a v erag e.
6 C on clus ions
This pa p er de sc rib es a pro cedure t oe x am ine the li k e liho o d o f co n v e rg e nce c lubs in the
distri bu ti on of incom e p er-capita. It prop osed a uni￿e d appro ac h to testing, estim at i on
and infe rence when the n um b er of group s, the l o cation of the brea k s and the ordering o f
units in the cross sec tiona l dim e ns i o n of the pa nel is unkno wn . Suc h a n ap proac hh a s
an um be r o f a ppl ications, a part from th e one considere di nt h i s pa p er. F or e xam ple ,i t
could b e used to exam i ne the di￿ere n tial r esp ons e o f ￿rm st o m o netary p o l ic y sho c ks o r6 CONCL U SION S 21
the i n ternationa l tran sm ission o f sho c ks a c ro ss ￿xed and ￿exi ble e xc h ange rate regim es.
In general, the si m pli ci t y of th e pro ce d ure , its eas i ness of im plem en tation a nd the go o d
prop erti es it dem o nstrates in a sim ple Mon te Carlo exe rcise m ak e it a can di da te to deal
with the issue o f grou pi ng i na n um be r o f m ic ro ec o nom ic a nd m acro e con om i c ￿el ds .
The pro ce du r e I sugg est has its cornersto ne in the pre di cti v e densit y o f the da ta,
conditi o nal on the h y pe rp aram ete rs o f the m od e l. The u se o f pre di cti v e densiti es ha s a long
traditi o n in B a y e sian econo m etric s a nd pro vi des a sim ple a nd ap p eali ng f ra m ew ork where
in teresti ng h y pot he ses c an b e v eri ￿ed. What i s app eal ing ab out pre dicti v ed e ns i tie si s
that, once h yp otheses concerni ng the n um be r of gro ups p re sen t in the data are exam i ned,
the lo c at i o n o f the breaks, the b est p erm uta ti on in the data a nd the h yp erpara m eters
of the m o del can b e easil ye st i m ated b y sim pl y con si dering t h e pre dicti v ed e ns i t ya s
functi o n of the quan titi es o f i n tere st. Once the h yp e rpa ram e ters a re s e lec ted, infere nce
can b e c o nducte di n a s tandard Em pi ric al B a y e s fashion and th e p rop ertie s of functions o f
the p o ste rior estim at e s o f the co e￿ ci en ts of the m o del ca n b e e xam ine d o nce w ep l ug -in
h y p erparam ete rs esti m ates in the a ppropriate fo r m ul as .
I searc h for cl u bs usign i ncom e p er-capita d ata fro m Europ e a n regions a nd OEC D
coun tri es. I ￿nd that there are hete ro gene itie s in Europ e an r e gi o nal p er-capita i ncom e
and a tende nc y o f the s te a dy sta te di s tri bution to c luster a round four p oles o f a tt ra ct ion s
c ha racte rize db y di￿ere n t dynam i cs, di ￿e ren t p osterior m ean steady s tates a nd di ￿e ren t
m obil it y features. Si m i larly , OEC D national p er-capita inc om e data pre se n ts t w oc on v er-
gence c lubs wi th p o or c ou n t ries cl us te ring b el o w the m ea n of th e incom ed i s tri bution.
One w ord of w a rni ng i ni n te rpreti n g the re su l ts in l igh t of theories of ec o nom i c gro wt h
is useful . The p ap er has de m on strated that the sc ale d di s tri bution o f re gi o nal and na -
tional i ncom ep e r- c ap i ta sh o w sat e ndency to cl us te r aro und f e w pol es of attraction when
ordered a c cording to the i nitial conditi o n so fi n c om e p er-capita a nd tha t, ev en w i thin
the endog e n ously sel ecte d gro ups, l ev el con v ergence i s a rare phenom enon. Cl ea r ly these
result s do n ot im ply that the un sc ale d le v el o f p er-capita incom es h o ws these features a nd
nei ther they ha v ea n ything to sa y ab out the e xistenc e of a steady sta te distri b uti on of
p er-cap i ta i nc om ei nl e v el so ri n gro wt h rates. F urthe rm ore, th e y d o no t s uggest that one
t y pe o f e c o nom i c theory (endog enous gro w th) is to b e p re ferre d to an other o ne (ex o genou s
t y pe )o r v i cev ersa, s i nce b o th the or i es can gene ra te outcom e s whic h a re cons i sten t with
the ￿ndings of the pa p er.
Co des fo r i m ple m en ting the pro c edure are w r itten in RA T S4.2 a nd are a v ai lable from
the auth or o n req uest.APPENDIX 22
A ppe nd i x
In t h is app endi x I p r e sen t the resu lts of a Mo n te Carlo exerci se de s i gned to examine t he
prop e r ti es of the testin g pro cedu r e to unco v e r breaks and e st i mat i on approac h for t he h yp erpa-
ram et ers wi th data di s pl a yin g t h e same sta ti s ti cal pro p erties a n d sample siz es simi l a r to those
consi dered i n secti o n5 . F o r this reason I g e nerat et i m e s se r ie s f o r N=144 u ni t s, eac ho f l ength
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=[ 0 : 3 ; 0 : 8 ] ;￿
2
=[ ￿ 0 : 3 ; 0 : 4] ; ￿
1
= di ag(0 :05 2; 0:2 55); ￿
2
= di ag(0 :10 2; 0:1 55),
va r ( e
it
)= 0 : 1i fi ￿ 51 and va r ( e
it
)= 0 : 1 5 otherwi s e , and I assume that t he in it ia l co nd it i ons
sat i sfy: y
i;0
￿ U [￿0: 10; 0: 10] .
On t h e pa ne l o f s im ulated data I esti ma te b oth AR(1) and AR ( 2) mo d els for eac h uni t
i =1 ;:: :;14 4 and appl y the testin g pro ce dure t o examin e w he t h er the r e i s a break in the cross
secti o n usi ng data in the order I h a v e gen era ted it. The p ost er i or o dds r ati o ,g i vi ng equal c hanc e
to t he p o s si bi l it y that t h ere i s one break and t he r e are no b rea ks, is 0 .97 71 for the AR(1 )a nd
0. 9846 fo r the AR(2) . The h yp o the sis t ha tt h ere i s a furt h er group pro duce d a p osterior o d ds
rat i o of 1 .01 24 and 1 .01 65 for the t w o m od el s , co n￿ rm i ng the presenc e of one b r ea k onl y . Fi gure
A.1 pl o ts L
+
a sa f u nction o f the lo c a ti o no f t h e break
￿







= 135. T h e p eak i s ac hi ev ed at
￿
i = 50, i m p lyi ng the prese nce o ft w o gro up s
comprisi ng uni t s 1-50 and 5 1-144 , and t h ere are no other p eaks w i thi n the range I e xplore.
Re p eatin g the exp e r i men t1 0 0 times, I ￿n d that i n 100 %o ft h ec a ses the p ost er i or o dds rat io
rev eals t h e presence of t w og roups i n the cross sec t io n ( wi t ha na v erag ev a l ue of 0.9 797) and t he
pred icti v e d ensi t yi sm axi mize d in 7 5% of the t im e a t
￿
i =5 0 ( 96% o f the ti m es f or
￿
i 2 [4 9; 51] ).
The a v erage p ost eri or o dds rat i o for the h yp othesi s that there are three gro u ps i n the g e nerat ed
data is 1.0 114.
Next, I c o n ducted three e xp eri men t s: ￿rst ,I r and o mi zed t he o rde r of t h e uni ts wi thin t he
t w og roups b efore estimation i s unde r tak en. Th is di d n o tc hange an y of the r e sults con￿rmi ng
that ,a bs en ta n y informa ti on on the a p pro p riate orderin g o ft h e data ,t he n um ber o fa ctual
p erm utat i ons to b e t ri ed i s sub s tan tiall y l ess than N!. Second , I r es h u ￿ed the en t i re cross
secti o n , takin g the ￿rst 2 0 uni ts of t he t i me serie s and p utt in g t h em l ast . In t hi s case t he
ordered data di spl a ys three gr oup s wi t hb r ea ks at i =30 and i =124. Est i mat in g a n A R(1 ) mo del




=3 0 ( see pl ot as fu nction of
￿
i in pa ne l 2 o f￿ g u re A.1 ). T h e pattern di spl a y ed b yt h e pred ic t iv e
den sit y i n thi s case i s v ery w e ll kno wn from t h e break p oin t l iterat u re (see Bai (1 997) o r Hanse n
(1 997b)) and c o n v eys i nform ation s ug gesti ng t ha t there are three gro up s i n t h e sam p le. In fa ct,




=3 0 , the p osterior o dds ratio for a second break is 0 .99 33




= 124 . Re pea ti ng t h is e xp eri men t1 00 times I ￿n d that t heAPPENDIX 23
a v erage p osterior o dds rat io f o r the h yp o the s i s of no b rea ks against 2 breaks is 0. 991, that t he




2 [29 ; 31] i s ide n t i ￿ed as t h e ￿rst break p oi n t 80% of t h e ti mes a nd t hat t he




2 [12 3; 1 25] is id en t i ￿e d as ￿rst break p oin t i n 12% of the c a ses ( a v era ge PO




=3 0 ,t he
la tter n ei g h bo r hood i s i de n ti￿e d a s the second b r ea ki n8 0% o f the cases ( a v era ge PO rat i o for
the h yp ot he sis of t w o breaks i s 0 .99 3).
The de s ig n o f thi s second e xp eri men t also a llo ws t o exam in e t h e po w e r of the test whe n
the cross-secti o na l data i s not prop erl y or d ered. That i s, su pp ose that t he D G Pi ss u c h that
there are only t w o gro u p si nt h e data , but an econometr ic ia n h a s a v a ila b le dat ao r d ered i n a
w a y whic hm a yb e d i ￿ eren t fro m the cor rec t one. W o u ld the pro ce dure b e abl e t o recog ni ze
the optimal p erm uta ti o n of the uni ts in the c r oss secti o n , sel ect the correct o rde r i ng with onl y
t w og r oup s and ￿n d the l o cation o f the break p oi n t ?T o pro vid e an i dea of the prop ert ie s o f
the approa c h in thi s case I ass um e t ha t there is a break a tu n i t5 6 and resh u￿e bl o c ks of 28
un its, so that I al lo w5 ! c o m bi nations (1 20 t ri a ls ) o v er w hi c ht os ea rc h for the opti ma lo rd ering.
Figure A.2 pl ot s L
+
and t h e se lec t ed l o cation o f break p oin ta s a fun ction o f the p erm uta ti on
m =1 ;: ::120 . There i s a pl a teau i n L
+
,c o rresp o nd in g to the 12 p erm uta ti o ns w hi c hc o rrectl y
pu t the ￿rst t w o b loc ks ￿rst a n d the next three l ast a n d for t h e remain in g c a se s L
+
d ecl in es
sl o wly .N o ti ce al so t ha t for al l p erm uta ti o ns L
+
is su bsta n ti a lly h ig h er than the li k el iho o d un der
the n ul l (the dott ed li ne i n t he g raph). Al so , the pro ce dure corr e ctly i den ti￿ es t he l o cation of
the b r ea k i n those 12 cases when L
+
i s maximi zed .
Fin a lly , I study the pro p erties of the testi ng pro cedu r e when the cro ss se ct i on i s homo gen eous






) . The p osterior o dd s ra ti o fo rt he
h yp othesi s o f0 v ersus 1 brea ks gi v e sav alu e o f1 . 0001 and the predi cti v e de nsit ya saf u nction of
￿
i pro duce s a pl at ea uw i t hv ery l i t tl e di ￿ eren ce b et w een the mi ni m u m and t he m a xi m um v alu es
(see the third p a n el of ￿gure A.1 ). R epl i ca ti ng t he e x per i men t1 00 t i m e sI￿ n dt ha t the a v erage
po sterior o dd s ra ti o g i vi ng equal prior probabi l itie s t o the n ul l and the al t ern a ti v eo ft w o groups,
is 0 .999 7w i t h sev er a l cases givi ng a v a lu e g reater t ha n 1. The distrib ution of the b r ea k p oin ti s
practical ly un iform i n t he i n terv al [10 ; 1 35] , con￿ r mi ng t he resu lts obtain ed with one exp e r i men t
onl y .
Estimates of the h y per pa rameters of the mo del are, i n gen era l , bi as e d. In part i cu lar, t he
a v erage v alu es across 1 00 e xp eri men t s, i n t he b a sel i ne case a re ￿
1
=[ 0 : 3 614; 0: 693 1]; ￿
2
=
[￿0: 3660 ; 0:26 82] , i ndi cat i ng tha t esti m ates of ￿ are do wn w ar db i a sed a n d, as a consequen ce,
estimates of ￿ are up w ard bi as e d. Thi s a p p ears to b e due to the small ti m e serie s size of eac h
cross section: if I in crease t h e sample size t o T=36 ( the s iz e o f the ti me serie s w i th OECD
coun try data ), mo st of the s e bi ases di sapp e a r. T he v a ri ances o f a ll t h e es ti ma ted co e￿ci en ts
are al so up w a rd bi ased b y 25-5 0%. Again , the bi a s drops to 10-15 % when T=36. W he n t h ere
are three gr oup s i n t he cross sec t i on resu lts are simi lar e v e n though a v erag e esti m ates of t he
h yp e rpa rameters of the t h ird g roup ar e mor eb i a s e d, probabl y b ecause o ft h e small n um be r o f
un its in thi s gr oup . F i nal ly , whe n the cross se ct io n is ho mogeneous, a v er age estimates ( acrossAPPENDIX 24
repl i ca ti o n s) are sti ll biased bu t b y a small er a moun t( a v er age ￿ =[ 0 : 381 6; 0: 7372 ]) whi l e
v ari a n ces o f the estimated co e￿ci en ts are pra ct i cal ly id en tical t ot ho se obta i ne d in the basel in e
case.
Ov eral l, t h e resul t s i ndi cat e that t he t esti ng p ro cedure h a s reaso na bl e s iz e a n d p o w er pro p-
ertie s ag ai nst the particu lar al t er na ti v e I consi der. I t also a pp ears to b e a b le to i den tify m ulti pl e
gro u ps and t he l o cation of t he b rea ks wi t hs u ￿ c ien t preci si o n, ev en w h en the data i s n o t cor-
rectl y or d ered. Ho w ev er , si nce t he p o steri o r odd s r a t io a p pea rs to b e sl igh tly biased do w n w ard
when t he re a re no hetero gen eiti es, a conserv ativ e stra tegy w o u l db et oc ho ose a critic a lv a l ue for
the p osterior o dds rat i o whi c h is s lig h tl y l ess than o n e. Alternativ el y ,o ne c o ul d c hoo se to gi v e
to t he n ul l h yp o the s is a s lig h tl y hi gher p r obabi l it yt os t art with, sa y 50.5 %. Al so, one should b e
a w are that when there are m ul t ip le g roups, the p ost er i or o dd s rat io m a yb ev ery cl o se to one,
giv en equal prior o dds, esp eci all y i f t he pea ks i n the predi ctiv e densi t y are not v ery sharp.
When t he t i me seri es size o f eac hc r oss secti o n i s small , est i mat e s of the autor eg ressi v e pa-
ram et ers a re do w n w ard bi ased a nd a v era gi ng o v er t he cr oss se ct io n doe s no t h el p si nce estimates
of al l the un its a re do wn w ard bi a sed ( see al so P esar an and Smi th ( 1995 )). When t he si ze of
eac hc r oss sec t i o ni sg r ea ter than 30, estimates of t he h yp erpar ameters obta in ed b y maximi zi ng
the pred icti v e d ensi t yo ft he da ta ar es u ￿ c ien tl y preci se whil e esti m ates of the d isp ersion of t he
pri o r d istrib ut i on are stil l signi ￿can tly biased .REFERENCES 25
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Hyp otheses Lo cation Break(s) Pri o r o dds ra ti o P o steri or o d ds ratio ^ ￿
H
0






:Q =0 1.013 0.99 1 0. 52 2
H
1
: Q =1 23
H
0
: Q =1 23 1.013 0.99 4 0. 52 1
H
1
: Q =2 23 , 1 20
H
0
: Q =2 23 , 1 20 1.013 1.00 5 0. 51 8
H
1
: Q =3 23 , 1 20 , 1 5
Notes : The colum nl a bel led ^ ￿ r ep orts the m i nim um p ri or probabi li t yo n the n ul l
ne eded s o that the data will not o v ert urn i t. In eac hc a s e the n ull has prio rp r o ba-
bil it y e qual to 0 .50 5.













Ov e ra l l -0.08 6 0. 06 0 0. 72 5 0. 29 8 -0 . 07 1
Gro up 1 -0.59 8 0. 10 2 0. 25 1 0. 15 5 -0 . 03 1
(units 1 -15 )
Gro up 2 -0.36 8 0. 01 9 0. 53 4 0. 04 8 -0 . 04 2
(units 1 6-2 3)
Gro up 3 -0.03 2 0.00 04 0. 68 6 0. 19 3 -0 . 00 8
(units 2 4-1 20 )
Gro up 4 0.11 6 0. 05 2 0. 62 9 0. 64 1 0. 02 3
(units 1 21 -14 4)
Notes : The tabl e re p orts ML- t yp e I I e stim ate s of the h yp e rparam e ters obtai ne d
m a xim izing the pre di ct i v e dens i t yo f the data, vi ew ed a s function of the h y p erpa-
ram ete rs.
T ab l e 2: Estim at e dv alue so f t h e h yp erpa r am e ters o f the pri orT AB LE S 2 8
T ab l e3 : P osteri o r Es t im ated Steady Sta te s
Sa m ple Mean Disp e rsion
Ov e ra l l - 0.271 2 0.62 34
Gro up 1 - 1.317 1 0.38 83
Gro up 2 - 0.636 9 0.07 51
Gro up 3 - 0.139 0 0.14 68
Gro up 4 0.292 2 0.23 08



















a r e p ost erior es ti m ates . The c ol um n nam ed " D isp e rsion" rep ort s
the s tandard deviati on of st eady state s a ro u nd the m ean v alue.
T ab l e 4 : Mobil it y Index
Ov erall Gro up1 Gro up 2 G roup 3 Group 4
M -0.24 -0.41 -0 . 50 -0 . 18 0. 00
P
1 1
0.83 0.91 1.00 0. 85 0. 00
P
1 2
0.17 0.09 0.00 0. 15 0. 00
P
2 1
0.59 0.00 0.00 0. 67 0. 50
P
2 2
0.41 0.00 0.00 0. 33 0. 50






is the proba bi li t y
that the uni t starts b elo wa v er a ge a nd ends up b elo wa v er a ge i n the ste ady state,
P
2 2
is t he proba bili t yt h a t the unit st a rt s a bo v ea nd e n ds u p a bo v ea v e rage in th e




are the proba bili ties that the unit transits from a s ta te
to the othe r. In the c ase t he group i su n bal ance d, s o that a ll un i ts i n the g ro up a re





is the diag onal v al ue di ￿e re n t from zer o .Figure A.1: Simulated Data
Predictive Densities





























































































































125Figure 1:European Regional Data, European Scaling
Full sample






































































































4330Figure 2: European Regional Data








































































2.0Figure 3:European Regional Data, National Scaling
Full sample




































































































1700.4Figure 4: OECD National Data
Full sample
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